Abstract-It is generally believed that saccades follow Hering's law in the sense that they are equally large in the two eyes. We demonstrated that saccades are different in size in the two eyes in 8 habitual wearers of anisometropic spectacles, which have lenses of different refractive powers, and therefore supply each eye with a differently sized visual image. The eye provided with the larger visual image made larger saccades than its fellow eye. This nonconjugate adaptation was almost complete for both horizontal and vertical saccades. Post-saccadic drift was also asymmetrically adapted: it reduced any fixation-disparity present at saccadic offset. The nonconjugate adaptation was also expressed in smooth-pursuit eye movements. In addition, these nonconjugate adaptations were present during monocular viewing, which shows that they were hard-programmed.
INTRODUCTION
Saccades are the rapid eye movements that allow us to voluntarily direct our gaze from one visual target to another. They bring newly selected targets to the fovea. It is generally assumed that the two eyes make saccades of equal size, This assumption is frequently referred to as Hering's law of equal innervation, According to this law, the two eyes receive the same innervation (Hering, 1868), or, in more current terms, the same motor commands. The ensuing conjugacy of saccades would, normally, be desirable, to maintain binocular foveation. Disruption of this parallelism between commands, saccades and binocular fixation would, however, be very likely to occur in a lifetime if the balance between the motor commands to the two eyes were indeed rigidly fixed. The slightest functional loss in one eye muscle would lead to unequal saccades in the two eyes, with diplopia as the probable result. Also the wearing of anisometropic spectacles, i.e. spectacles with lenses of unequal power, would cause this problem. Such spectacles produce visual images that are different in size for the two eyes because the lenses are positioned anterior to the nodal points of the eye. As a consequence, the angles of eccentricity of a peripheral target are different for the two eyes.
Binocular foveation of such targets requires eye movements of similarly different sizes, as the lenses do not move with the eyes.
An important question is, thus, whether the oculomotor system has the capability to adapt the motor commands asymmetrically for the two eyes, in order to maintain the functional yoking of the eyes. Erkelens, Collewijn and Steinman (1989) recently reported in detail on a subject who made saccades that were essentially different in size for the two eyes. This subject had been adapted for about 40 years to anisometropic spectacles. The nonconjugate saccades observed in the subject of Erkelens et al. (1989) reflected this difference and were, therefore, considered to result from an adaptation to the inequality in image-size: the eye presented with the larger visual image made larger saccades than its fellow eye. For vertical saccades, this long-term adaptation was almost perfect, i.e. the difference in saccadic amplitude between the two eyes was very close to what was called for by the spectacles. Horizontal saccades, however, were less perfectly adapted. Note, that such size-adaptation of eye movements can only partially correct for the size-difference in the two retinal images. It can, at best, preserve binocular foveation of the same point of an object despite the size difference between the retinal images of the object
